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Integration of Simulation and Animation for Truck-Loader
Haulage Systems in an Underground Mine and Automated
Freight Transport System Using GPSS/H and PROOF5

Chaeyoung Lee

Department of Energy Resources Engineering, The Graduate School,

Pukyong National University

Abstract

This study proposed a method to intuitively confirm the simulation
results of ore and container haulage systems using GPSS/H simulation
language and the PROOF5 program. After designing haulage systems
model using discrete event simulation with data on Daesung MDI
underground mine, GPSS/H was used to simulate the systems model.
The results of applying the proposed method to an underground
limestone mine in Korea, the simulation result such as the truck
position, waiting time, loader utilization rate and crusher utilization rate
with time could be confirmed at a glace through animation. In addition,
the study was able to make new system model that is intermodal
automated freight transport system and then it was used to simulate.

The system also showed the simulation result such as the train dispatch



time, the tractor’s waiting time easily through animation. The proposed
method has a potential as a tool for making a decision whether change
the haulage system or make new haulage system.

Keywords: Discrete event simulation, Animation, Truck-roader Haulage

Systems , Automated Freight Transport System
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DEPART QCRUSHER

ADVANCE  RVNORM(1,28.2,5.4) SPOTTING TIME(NO WAIT IN THE
ADVANCE  RVNORM(1,35.4,6.6) DUMPING TIME
ADVANCE  RVNORM(1,28.2,54) SPOTTING TIME(NO WAIT IN THE

LEAVE CRUSHER
TRANSFER ,TDB

GENERATE 1

ocC TESTGE ~ &HOPPER,(400/60) IF THE WEIGHT OF THE ORE IS GREATER
SEIZE UCRUSHER
ADVANCE 1

BLET &UC=&UC+FR(UCRUSHER)
RELEASE ~ UCRUSHER

BLET &HOPPER =&HOPPER-(400/60)
TRANSFER ,0C

GENERATE 1
OL TESTGE &ODD1,200 IF THE WEIGHT OF THE ORE IS GREATE!

(@)

@ Terminal_12.gps - HE% - o
mem BIEO AN0) 27V SR

E{D| 20f Shtel AT 2%e Hojste 32

LOGICR TRAININ

BLET  &CHECKRL=0

TIMEST GENERATE &DIARLM,&DIARLD, &ARTARLEMNTRAINS

ASSIGN  1N(TIMEST),PH

QUEUE  QRAIL *Epxto| MsfsiEiat Tl o)
SEIZE  FRAIL sstitel mEslatazt B
LOGIC'S TRAININ *oiife| Motsiotazt @R 20
BLET  &CHECKRL=1
SATEMPsstsbsbasssbastbibbARS
BLET  &NCARLOUT=10 *YUAIRE: state] statt)7| 5 0|H2| 2=

BLET  &NCARLDW=0 QAR 5t 7| 22| HEfol2]
BLET  &NCARLIN=0 SUABE B0 X5 HEO[H2] &
beessnesseDEBLGHseersssnss

BPUTPIC LINES=1,FILE=MYQUT2AC1,PH1

ht #4535 Train No, ** arrived at the terminal.

LesssssessspEpUGrsssssisss

DEPART | QRAIL 2tAtel Mapotatazt B US|

ADVANCE RVNORM(1,&STTARLM,&STTARLD) *BHALe] HOlE M & (E3E 0| Hal/oist A g+d)
RELEASE FRAIL *&HAfo| st 7t R

LOGIC R - TRAININ *SX1O) Hatsia g7t HRHA LI (A E

BLET * &(CHECKRL=0

hexessaseas DERUGRHRERIRH#x

BPUTPIC LINES=1,FILE=MYQUT2,AC1,PH1

fat ##42.2%: Train No. ** left the terminal.

LissssnsnssDEBUGH*sssssns

A TEMPHst bR RS
BLET  &NCARLUP=10 *AAZE XS ol HHO|HS =
BLET  &NCARLIN=0 *AAIRE ALl MatE HEolHe] 5

TIMES2 TERMINATE

bbbkt kbR b

H SO 7| P - StetCh 7|0 BiXIE HE EEH(KVTRLE HOiSte 2=
TYTRL  GENERATE ,0,&NAYTRL
ASSIGN  1,10000+N(TYTRL),PH
BRL2 QUEUE QYTRLDW iz ARy PR ]
TESTE  &CHECKRL1 *H20) bk Qe Z9 CH2ICE 0lF, DX 2 FS QUM th7|
GATELS TRAININ
TESTG &NCARLOUTOBRL1  *2AHY ststch?] 2B 0|UH2E s H2
Ch23E= 0|5 JEX 22 Z2 BRLIESZIFH) 2R 0|5
SEIZE  RAILDW *StAte] Stetth 7| ZHEolH 7 BR
DEPART  QYTRLDW
ADVANCE RVNORM(1,&TTYTRLIM&TTYTRLID) *YTRLS]| 8t&tCH7| 7 SN SHAIHA] 0|8
ADVANCE RVNORM(T,&LTYTRLIM&LTYTRLID) *YTRLS| SIXHOIA TS HAIZIE|O]H HIZ A2
RELEASE RAILDW

AYTRLS] SIA101Y Si3t0)7| 2oIIx] 0|5

®
Fig. 2.1 A part of GPSS/H code for simulating the haulage system in the study
areas. (a) Truck-loader haulage system. (b) Intermodal automated freight
transport system.
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Line 211039.018 423195.3621 211042.086 423197.2562
Line 211042.086 423197.2562 211038.3677 423205.391
Line 211042.086 423197.2562 211038.3677 423205.391
Line 211036.2844 423259.4342 211035.6773 423257.3179
Line 211034.3416 423276.3761 211035.1316 423270.3449
Line 211034.3416 423276.3761 211035.1316 423270.3449
Line 211035.1316 423270.3449 211039.1291 423270.2053
Line 211039.1291 423270.2053 211038.2129 423266.7363
Color F25

Line 209200 423470 210800 423470

Color F3

Text 2 64 CENTER 210000 423510 The Donghae office of Daesung MDI Co.
Color F25

Line 209200 423590 210800 423590

Fill 209207.7647 423484.3616

Line 209200 423550 209200 423470

Line 209200 423550 209200 423590

Line 209820 422490 210450 422490

Line 210450 422490 210450 422790

Color L10

Line 210984.2665 422489.4714 210984.6713 422489.2074
Line 210983.9228 422489.8197 210984.2665 422489.4714
Line 210987.368 422489.7164 210987.688 422490.1172
Line 210986.982 422489.39 210987.368 422489.7164

Line 210984.6713 422489.2074 210985.1204 422489.0386
Line 210986.5458 422489.1513 210986.982 422489.39
Line 210986.0773 422489.0099 210986.5458 422489.1513
Line 210985.5956 422488.9719 210986.0773 422489.0099
Line 210985.1204 422489.0386 210985.5956 422488.9719
Line 210988.1702 422491.8236 210989.65 422494.4357
Line 210983.1632 422491.4321 210988.1702 422491.8236

(@)

) 2 OMIfor animation ATF - }2% E—
LUE BIE ANO) V) SSBH)
TIME  0.000
CREATE TRUCKU T1
PLACE T1 ON GO
SET T1 SPEED 5
TIME 180.000
CREATE TRUCKU T5
PLACE T5 ON GO
SET T5 SPEED 5
TIME 360.000
CREATE TRUCKU T6
PLACE T6 ON GO
SET T6 SPEED 5
TIME 540.000|
CREATE TRUCKU T7
PLACE T7 ON GO
SET T7 SPEED 5
TIME 969.302

SET T1 COLOR F25
PLACE T1 ON BACK
SET T1 SPEED 5
WRITE M1 9.446
WRITE M2 4.688
WRITE M3 0.010
TIME 1167.048

SET T5 COLOR F25
PLACE T5 ON BACK
SET T5 SPEED 5
WRITE M1 9.446
WRITE M2 4.688
WRITE M3 0.010
TIME 1370.310

(b)
Fig. 2.2 Files required for conducting animations using PROOFS.
(a) Layout file. (b) Trace file.
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Fig. 2.3 Method for integrating GPSS/H simulation with PROOFS animation.
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Fig. 3.1 Aerial view of the study area (image source: Vworld,
http://map.vworld.kr/map/maps.do).
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Table 3.1 Definition of index for truck- loader haulage system simulator

Infra Haulage system
position condition time
At opening entrance K
truc Travel time
. . The number of _
At loading point loader Loading time
At dumping point The number of Dumping time
crusher S
At h The capacity of Spotting time
crushet crusher Time for measuring the ore weight
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Fig. 3.2 Layout of the study area. Red color path represents the haulage route of dump trucks between the loading point
at 540 ML and the dumping points.
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Table 3.2. Time parameters required for the truck-loader haulage system simulation in the study area.

Parameter Value(sec)
S1 — S2 93.1
S2 — Opening 121.9
Opening — S3 244 4
Loaded truck 3 — Sa 70.0
SANT> 485 80.4
S5 — Loading point 117.3
On road Loading point — S5 159.4
S5 w54 90.3
ey & S4 — S3 . 122.0
S3 — Opening 425.5
Opening — S2 165.2
S2 — Sl1 164.3
Waiting time in the queue 83.4 + 28.2
At loader Spott%ng t%me(wait iI_l the queuce) 48.0 £ 9.6
Spotting time(no wait in the queue) 294 + 54
Loading time 176.4 + 34.8
Waiting time in the queue 504 £ 9.6
At crusher Spott%ng t%me(w%th wait ip ‘_che queue) 52.2 £10.2
Spotting time(without wait in the queue) 282 £ 54
Dumping time 354 + 6.6
Spotting time 45.6 £ 9.0
At dump area Dljlmpifg time 354 +£ 6.6
Ete Waiting time for oncoming trucks 222 + 42
' Time for measuring the ore weight 372 = 7.2
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Dispatcher
Fixed dispatch

Travel Travel
(TE, Crusher - Station1) (TE, Opening - Station3) [ Count oncoming trucks,
(TE, Station1 - Station2) (TE, Station3 - Station4) L add delay time(AD)
TE, Station2 — Opening) TE, Station4 — Station5’
,-———=- -
7’ 1
P Travel 1
’ E, Station5 - Loading point I
7’ 1
¢ 1
! 1
: Check: 1
| Is loader :
1 available?, \
1
h YES b
I 1
I Spot at the loader(STL) 1
! 1
1 1
: Loading at the 1
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Fig. 3.3 Design of a model for simulating the truck-loader haulage system in the study area.
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Table 4.1 Definition of index for intermodal automated freight transport system
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Infra of terminal and Tractor Train system

Time Condition Time Condition

Waiting time of

Travel time The number of crane
platform entrance

The number of train

Transshipment  The number of yard Stay time of train’ The number of track

time tractor in wait area

Travel time The number of

. ) The number of yard ) ) . .
Loading time between terminal  container in wait

tractor .
A and terminal B area

. . The number of Loading time The number of
Unloading time . . . .
personal tractor in track container in train

Unloading time

Spotting time  The number of chassis .
in track
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